This paper investigates the effects of simultaneous addition of sunflower (3, 6 or 9 g/100 g of sample) and dry residue of wild oregano (0.5 or 1 g/100 g of sample) on the essential amino acids pattern and antioxidant potential of flake products. The accepted experimental design plan was 3×4. Data point that Score and PDCAAS values in flake products increase with increasing share of sunflower. Maximum value of phenolic compounds and antioxidant activity were experienced of TPC 2.84 mg/g, DPPH 0.75 mg/ml, FRAP 1.57 mg/g with the product having maximum shares of sunflower and dry residue of wild oregano. Tukey's HSD test showed statistically significant differences between most of the mean values of amino acids content and antioxidant activity in the observed corn flakes. The response surface method has been applied for evaluation of amino acid content and antioxidative potential of corn flakes. Sunflower in flake products positively contributed to the protein nutritive value and dry residues of wild oregano elevated antioxidant potential of flake products and also contributed to the food waste valorisation in the food industry. Corn flakes are new products with improved essential amino acid pattern, antioxidant activity and functional properties due to added dry residue of wild oregano and sunflower.
and patterns of behavior. Thus, when enough food is eaten to satisfy energy needs, the needs for protein or any other nutrient will also be satisfied if the ratio of protein or other nutrients to energy is appropriate [7] . Ingredients that could be included in flakes formulation are sunflower and wild oregano, which may significantly improve nutritive and antioxidant properties [8] [9] [10] [11] .
The differences between fabricated samples were tested using Tukey's HSD test. The response surface methodology (RSM) has been proven as useful method for determining the influence of process variables on a group of dependent parameters that are significant for the process and effects studies [12] . RSM is an effective tool for optimizing a variety of processes, especially in design of mixture experiments [13] . The RSM equations describe the effects of the test variables on the observed responses, determine test variables interrelationships and represent the combine effect of all test variables in the observed responses, enabling the efficient investigation of the process [12, 13] .
In this study the effect of varying the proportion of sunflower (3, 6 and 9 g) and wild oregano dry residue (0.5 and 1 g/100 g of sample) on the amino acid content and antioxidant potential of corn flakes was studied with the aim to obtain new products with improved nutritional and functional properties.
EXPERIMENTAL Material
Corn flour used in this study was obtained from the mill Žitoprodukt d.o.o., Bačka Palanka, Serbia, produced in 2014 with the following characteristics: moisture content of 13.3%, sugar, protein, cellulose, starch and lipid content (% dry matter basis) of 0.87, 5.59, 0.98, 79.43, and 1.57, respectively (AOAC 1990) [15] .
Sunflower variety "Cepko" was produced in 2014 by "Vitastil", Erdevik, Serbia, with following characteristics of samples: protein, starch, lipid and cellulose, content of 26.67, 6.73, 54.05 and 8.21 (% dry matter basis), respectively (AOAC 1990) [15] . Sunflower was dehulled and milled in a Hammer mill 2300 rev/min with 2. 
Methods

Preparation of dry residue of wild oregano
Dry residue from wild oregano was prepared as follows: the distillation of wild oregano was carried out in the production plant of the Institute of Medicinal Plant Research "Dr Josif Pančić" from Pančevo, Serbia. A mini distiller based on water vapor principle was used for distillation. The duration of the distillation time was 2.5 h. The waste in the process of distillation (trope) is naturally cooled and dried by air flow in place, protected from sun and prepared for further research: milled at a facility Repro Trade Ltd., on the hammer mill Sever, Subotica (2300 rpm, sieve hole diameter 1.5 mm, particle size < 12 mm).
Preparation of corn flakes
Extrusion of flakes. The corn flakes was obtained by extrusion in a twin-screw extruder (Yunnan Daily Extrusion, Yunnan, China) in industrial conditions on the factory Repro Trade Ltd., Industrial Zone bb, Temerin, Serbia. Extrusion parameters were as follows: the length of the screw 140 cm, diameter 3 mm×6 mm, rotor speed of 180 rpm, temperature profile: 131/125/ /114 °C. The moisture of raw material mixture prior extrusion was adjusted to 22%. Corn flour, was replaced by milled sunflower in the quantity 3, 6 or 9 g/100 g of sample, and dry residue of wild oregano added in the quantity of 0.5 or 1 g/100 g of sample based on corn flour and milled sunflower. Table 1 describes corn flour formulation enriched with different quantities of milled sunflower and dry residue of wild oregano. Obtained extrudates were dried in the drying unit at temperature of 84 °C, cooled for 30 min at controlled temperature 25±1 °C and stored at 4 °C in sealed plastic bags until required for analysis.
Amino acids
The samples were prepared for analyses using the 24 h hydrolysis with 6 M HCl. Samples were analyzed on a liquid chromatograph Agilent 7890A GC system with a flame ionization detector FID-equipped automatic sampler (autosampler) and silica capillary column (SP-2560, 100 m×0.25 mm, ID, 0.20 μm). Amino acid peaks were identified by comparing the retention time of the individual amino acids in the sample with retention times of standards Amino Acid Standard (Sigma--Aldrich), as well as the internal data of the library data. The results are expressed in % as a proportion of the individual amino acids in the total amino acids.
Antioxidant activity
Antioxidant activity was determined in samples of wild oregano (WO), dry residue of wild oregano (DR), sunflower (SF) and corn flakes (CF 1-12). The material was grinded and extracts were obtained by subjecting 1 g (WO, DR, SF) and 2 g (CF 1-12) of powdered material to maceration in 100 ml 80% ethanol (in water) for 24 h at ambient temperature in the dark. The extracts were filtered using filter paper (Whatman No. 1) followed by centrifugation (U-320 R, Boeco, Germany) at 4750g (4 °C) for 15 min and kept refrigerated. These extracts were used for determination of total phenolic content (TPC), DPPH antiradical power and ferric reducing antioxidant power (FRAP). In all of the assays absorbances were measured using Thermo Scientific Evolution 220 spectrophotometer. Total phenolic content (TPC) was determined using a modification of the Foline-Ciocalteu method and the results expressed as mg of gallic acid equivalents (GAE) per g of extract sample [16] . The assay mixture contained 1 ml of Folin-Ciocalteu-phenol reagent (previously diluted 1:10 with distilled water) and 200 µl of the sample solution. The mixture was neutralized with 7.5% sodium carbonate solution after 10 min. For each sample three replicates were carried out and also a control (blank), where 1 ml of distilled H 2 O was added instead of FC reagent. The absorbance was determined after 60 min at 760 nm. DPPH free radical scavenging activity was evaluated according to the method of Sánchez [17] with minor modifications. The assay procedure was the following: 15.7 mg of 2,2-diphenyl-1-picrylhydrazyl (DPPH) was weighed and dissolved in absolute ethanol. A working solution of 90 μM DPPH was prepared diluting 22 ml of the primary DPPH solution to a volume of 100 ml in methanol. The assay mixture contained 2 ml working solution and different volumes of the sample solution. In the control, the exact amount of the extract was substituted with solvent (80% ethanol), and in the blank, only methanol and extract were mixed. The mixture was shaken vigorously on a Vortex mixer, then incubated 60 min at 25 °C in a water bath in the dark, after which the absorbance of the remaining DPPH was determined at 515 nm. For each sample three replicates were carried out. Radical percentage of inhibition of DPPH radical was calculated by the following equation:
Where A 0 is the control and A 1 is the sample solution absorbance. The concentration of extract that inhibits the DPPH radical formation by 50% is defined as IC 50 (mg/ml). Finally, results were expressed as DPPH antiradical power (DPPH ARP) defined as:
Total antioxidant capacity was estimated according to the FRAP assay [18] . The reduction potential of extracts was calculated using the calibration curve of the standard solution of ascorbic acid (R 2 = 0.99). The working FRAP reagent was prepared by mixing acetate buffer (300 mM, pH 3.6), 2,4,6-tripyridyltriazine reagent (10 mM in 40 mM HCl) and FeCl 3 ⋅6H 2 0 (20 mM) in the ratio of 10:1:1. The assay mixture contained sample and 2 ml of working FRAP reagent and absorbance (593 nm) was measured after 6 min incubation in the dark at room temperature. Due to the coloration of the extracts, it was necessary to prepare a control (sample and dH 2 O instead of the FRAP reagent) and blank (FRAP reagent and 80 % ethanol instead of the sample). All the samples were made in triplicate and mean values of reducing power were expressed as mg of ascorbic acid equivalents (AAE) per g of sample extract, calculated according to the standard calibration curve.
Protein quality evaluation
Nutritional value of proteins expressed by the following indicators: the amino acid score determines the effectiveness with which absorbed dietary nitrogen can meet the indispensable amino acid requirement at the safe level of protein intake. This is achieved by a comparison of the content of the limiting amino acid (lysine) in the protein or diet with its content in the requirement pattern:amino acid score = mg of amino acid in 1 g test protein / mg of amino acid in requirement pattern.
Following data were used for digestibility (FAO/ /WHO/UNU, 2002) [7] :
-corn, 85% -sunflower, 90% -corn flakes with 3% of sunflower → 85×0.97 + 90×0.03 = 85. 15 -corn flakes with 6% sunflower → 85×0.94 + 90×0.06 = 85.30 -corn flakes with 9% ssunflower → 85×0.91 + 90×0.09 = 85.45
Statistical analyses
Descriptive statistical analyses for all the obtained technological parameters were expressed as the mean ± standard deviation (SD). The evaluation of analysis of variance (ANOVA) and principal component analysis (PCA) analyses of the obtained results were performed using StatSoft Statistica 10.0® software. Collected data were subjected to ANOVA for the comparison of means, and significant differences are calculated according to post-hoc Tukey's HSD (honestly significant differences) test at p < 0.05 significance level, 95% confidence limit.
The experimental data used for the study of experimental results were obtained using a 3×4 experimental design, with 12 runs (1 block).
The following second order polynomial (SOP) model was fitted into the data. The eleven models of the following form were developed to relate the five responses (Y) and two process variables (X):
where: β k0 , β ki , β kii , β k12 , are constant regression coefficients; Y k is either essential amino acids (Lys, Thr, Val, Ile, Leu, Met, Phe and His), phenolic compounds or antioxidant activity values (TPC, DPPH * and FRAP); X 1 -oregano content and X 2 -sunflower content.
RESULTS AND DISCUSSION
Correct evaluation of protein in food products requires prediction of overall efficiency of protein utilization. According to FAO/WHO/UNU [7] measure of overall efficiency of protein quality should determine the capacity of food protein to meet metabolic demand for essential amino acids. As metabolic needs for amino acids and proteins depend on their part in biochemical pathways. The essential amino acids of corn flakes (CF1-12) with sunflower and wild oregano are presented in table 2. Addition of sunflower 6 and 9 g in corn flakes (CF3 and CF4; CF7 and CF8; CF11 and CF12) contributed to statistical significant increase in lysine. The addition of sunflower (3, 6 or 9 g) contributes to a statistically significant higher values of threonine, methionine and histidine content in comparision with samples without sunflower addition (CF1, CF5 and CF9). Amino acids of sunflower contributed to statistically insignificant decrease in leucine content and statistically significant decrease in isoleucine content of corn flakes with added sunflower. Table 3 shows the ANOVA calculations of the prediction model for amino acid products with corn flakes containing sunflower and wild oregano. It can be seen that the SOP model used to calculate Lys content is mostly influenced by the linear term of sunflower content, statistically significant at p < 0.01 level and the linear term of oregano content, p < 0.05. The greatest impact in the SOP models for Val, Ile, Met and Phe calculation is observed by the linear member of sunflower content (p < 0.05).
The average error between the predicted values and experimental values (calculated by Eq. (1)) was below 10%. To verify the significance of the models, ANOVA was conducted and the results indicate that all models were significant with minor lack of fit, suggesting that they adequately represented the relationship between responses and factors.
Nutritional value was determined, based on the amount and composition of protein and essential amino acids. Score amino acid indicates the efficiency of protein utilization in food and presents the ratio of essential amino acid content in the tested protein and the specific categories of consumers needs. The lowest value score defined limiting amino acid.
The nutritive value of flake protein, expressed as amino acid score, is presented in Table 4 . Score determines the effectiveness by which the absorbed dietary nitrogen can meet the essential amino acid requirement at a safe level of protein intake. WHO/FAO/UNU [7] marked lysine, sulfur amino acids, threonine and tryptophan as the most deficient aminoacids in food proteins. The results of the investigation show that lysine is the limiting amino acids in all corn flakes (CF1--12). All the values are less than 1, and addition of sunflower increased the score. This results point that sunflower addition contributed to better utilization of protein in corn flakes. As the score increases, these data also show that the applied temperatures of extrusion and drying (85 °C) do not lead to the loss of lysine. Which is also the most reactive amino acid in the Maillard reactions [9, 19] . The purpose of PDCAAS evaluation of protein nutritive value is the prediction of the overall efficiency of protein utilization in terms of its two components, digestibility and its amino acid score, i.e., score of limiting amino acid [7] . PDCAAS values (Table 4) in corn flakes increases, statistically significant, with the augment of sunflower content (samples with added 6 and 9 g) in the corn flakes due to higher digestibility of protein sunflower (90%) compared to the digestibility of corn (85%) and also to sunflower compatible amino acid pattern [7] .
Most of the antioxidant potential in plant foods is due to the properties of phenolic compounds, which can act as reducing agents, free radical scavengers and hydrogen donors [1, 20, 21] . It is known that oregano possesses high antioxidant capacity [22, 23] but our study shows that dry residue of wild oregano (DR) is also very powerful phenolic compounds and antioxidant source (TPC 23,55 mg/g, DPPH 4,98 mg/ml, FRAP 8,45µg, Table 5 ), which completely changes the aspect of its usage and well fits in the concept of better valorization of food wastes. As the residue after distillation of wild oregano oil was considered as waste material, applied technology of corn flakes allows the recovery of useful compounds and their recycling inside food chain as functional additives. The phenolic compounds and antioxidant activity of corn flakes (CF 1) were relatively low (TPC 0.98 mg/g, DPPH 0.13 mg/ml, FRAP 0.45 mg/g). Sunflower and dry residue wild oregano (DR) addition strongly influenced the content of phenolic compounds and antioxidant activity of corn flakes. The highest content of phenolic compounds and antioxidant activity (TPC 2.84 mg/g, DPPH 0.75 mg/ml, FRAP 1,57 mg/g) was experienced with CF 12, corn flakes with the highest amount of sunflower and dry residue. Statistically significant differences in TPC, DPPH and FRAP were observed between samples with increased oregano and sunflower content: CF 1-12, which confirms that the addition of oregano and sunflower increased the antioxidant activity of corn flakes, at statistically significant level (Table 5, Figure 1) . Table 6 shows the ANOVA calculations of the predictive model of the antioxidant activity values for corn corn flakes with sunflower and wild oregano. It can be seen from table that the SOP model for total phenols content and DPPH calculation is mostly affected by the linear terms of sunflower and oregano content, as well as the non-linear term of product Sun.×Oreg., statistically significant at p < 0.01, The calculation of FRAP in corn flakes is mostly affected by the linear terms of sunflower and oregano content and the quadratic term of sunflower content (p < 0.01).
The results indicate that all models were significant with minor lack of fit, suggesting that they adequately represented the relationship between responses and factors. 
CONCLUSION
Based on data resulting from the investigations of quantity of sunflower and dry residue of wild oregano addition influenced on corn flakes amino acid and antioxidant potential it can be concluded:
• Statistically significant differences between most of the mean values of amino acids content and antioxidant activity in the observed corn flakes were observed.
• Sunflower and dry residue of wild oregano positively affect the phenolic compounds and antioxidant activity. Maximum value obtained was TPC 2.84 mg/g, DPPH 0.75 mg/ml, FRAP 1.57 mg/g with 9 g/100 g of sunflower and 1 g/100 g dry residue of wild oregano in CF 12.
• Flakes product with addition of dry residues wild oregano contributed to the food waste valorisation in the food industry to obtain a new product with antioxidant potential.
• Lysine is limiting amino acid for all corn flakes (CF1-12).
• The temperature extrusion (85 °C) does not lead to the loss of lysine as well as the most reactive amino acids.
• Score and PDCAAS value in corn flakes (CF1-12) increases with increasing of adding sunflower (3, 6, or 9 g).
